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Photoinduced repetitive separation of the supramolecular 
assembly composed of amphiphilic diarylethene mixture†
Seiya Sakakibara, Hajime Yotsuji, Kenji Higashiguchi* and Kenji Matsuda*

Supramolecular assembly composed of two-component mixture of amphiphilic diarylethenes, which have octyloxycarbonyl 
and N-octylcarbamoyl groups, showed unique macroscopic transformation upon irradiation with UV light and subsequent 
standing in the dark. Unlike the pure compounds, the assembly was repetitively separated into a blue sphere and a red-
purple sparse structure. Both the blue sphere and sparse structure turned into colorless sphere upon irradiation with visible 
light and the divided colorless spheres showed the same response to the UV and visible lights. Phase diagrams based on the 
change in absorption spectra upon temperature change suggested that the transformation originates from LCST transition. 
In the 0.5:0.5 mixture, in contrast to the pure compounds, the transition temperature sharply changed around 50% of the 
fraction of the closed-ring isomer. TEM image showed that the 0.5:0.5 mixture with high photoisomerization yield formed a 
few ten nanometer-sized network. Judging from the phase diagram and TEM images, the separation is understood as the 
local phase transition of the regions of high fraction of the closed-ring isomer.

1. Introduction
Amphiphilic molecules aggregate with each other and form 
supramolecular architecture in aqueous media due to 
hydrophobic interaction.1-4 Morphology of the architecture is 
determined by the geometrical shape and volume ratio of 
hydrophilic and hydrophobic moieties.5,6 Although the complete 
control of the architecture remains difficult even by means of 
current supramolecular chemistry, design and construction of the 
supramolecular architecture composed of functional aromatic 
compounds have been reported actively.7-12 

One of the advantages of soft assembly of amphiphilic 
molecules is the flexibility of the structure, which is essential for 
constructing networked chemical systems based on dynamic 
self-assembly. The supramolecular architecture assembled by 
hydrophobic interaction changes its structure depending on the 
environment. The structural changes have been reported by the 
change of pH,13,14 addition of salt,15-18 and sonication.19-23 
Meanwhile, when the external stimulus alters the structure of 
consisting molecule by chemical reaction, the supramolecular 
architecture is also altered.24-28

In the supramolecular systems chemistry, not only single-
component assembly, but also multi-component assembly is 
important.29,30 The multi-component assembly has been widely 
studied, for example, from the viewpoint of assembling 
process,31,32 control of liquid crystals,33,34 and energy and 
electron transfer.35,36 Amphiphilic multi-component assemblies 
have also been reported and considerable attention has been 

paid.37-41 Würthner and co-workers reported that the co-self-
assembly of different shapes of perylene bisimide amphiphiles 
provides unique structure and unique photophysical 
property.37,38

Oligo(ethylene glycol) chain is occasionally employed to 
bestow hydrophilicity to organic compound and the 
hydrophilicity often changes upon temperature change, which is 
known as lower critical solution temperature (LCST).41-53 The 
oligo(ethylene glycol) chain is hydrogen-bonded with water in 
the low-temperature phase. In contrast, in the high-temperature 
phase, phase separation between the chain and water occurs and 
the solution turns turbid. Therefore, when the structure of 
oligo(ethylene glycol) derivative comprising supramolecular 
assembly is altered by the external stimulus, the LCST 
temperature is also altered. When the environmental temperature 
is located between the LCSTs before and after the stimulus, 
LCST transition is triggered by the stimulus.54-56

Recently, we have reported photoinduced morphological 
transformation using LCST behavior of amphiphilic 
diarylethenes.57-62 The diarylethenes having alkyl chain with 
ester- (1) and amide- (2) linkage as hydrophobic group and 
tri(ethylene glycol) chains as hydrophilic group exhibited 
different supramolecular architecture.58 The photoinduced 
change is found to be related to LCST transition, i.e., the open-
ring isomer that exists in the dehydrated high-temperature phase 
turned into the closed-ring isomer in the hydrated low-
temperature phase. Although diarylethenes 1 and 2 had similar 
molecular structures, the nanostructures of supramolecular 
architecture were different, i.e., the ester-linked closed-ring 
isomer 1b and the amide-linked one 2b formed nanofiber and 
nanosheet, respectively. Photoinduced macroscopic 
morphological transformation was also different. While the 
aggregate of ester-linked diarylethene 1 showed division easily 
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upon irradiation with UV light, the aggregate of amide-linked 
diarylethene 2 swelled but did not show division upon irradiation 
with UV light. The strong hydrogen bond network was found to 
suppress photoinduced morphological change in micrometer-
sized structure. 

In this paper, we report unique photoinduced morphological 
transformation and nanostructural change for the mixture of 
diarylethenes 1 and 2. Unlike the pure compounds, upon 
irradiation with UV light, the 0.5:0.5 mixture showed repetitive 
separation of the supramolecular assembly into a blue sphere and 
a red-purple sparse structure. Both the blue sphere and sparse 
structure turned into colorless sphere upon irradiation with 
visible light and the divided colorless spheres showed the same 
response to the UV and visible lights. Phase diagram and TEM 
images suggest that the separation originates from the local 
phase transition of the regions of high fraction of the closed-ring 
isomer.
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Fig. 1 Photochromic reaction of amphiphilic diarylethenes 1 and 2.

2. Experimental section
2.1 Preparation of materials

Syntheses of amphiphilic diarylethenes 1 and 2 were previously 
reported.58 Other commercially available compounds and 
solvents were used as received. 

Suspensions containing 1 and 2 were prepared in the similar 
manner as described in the previous literature.58 A representative 
method was as follows: two solutions of each diarylethene in 
acetonitrile (10 mM) were mixed in the appropriate volume ratio, 
and consequently the solution (50 µL) was injected into pure 
water (1 mL) at room temperature, then a colorless suspension 
was obtained (0.50 mM). The photoisomerization yield to the 
closed-ring isomer was controlled upon irradiation with UV and 
visible lights. The suspension was analyzed by HPLC for 
determination of the composition ratio and the 
photoisomerization yield as shown in Figs. S1 and S2. The 
analyses were carried out on a HITACHI LC System LaChrom. 
Analytical (Kanto Chemical, Mightysil RP-18(H) GP250-4.6 (5 
µm)) column and CH3CN (1 mL min-1) was used for the 
separation. Detection wavelength was set at 311 nm, where 
molar absorption coefficient of each isomer was almost the same 
(open-ring isomer: ε1a,311 = 3.87 × 104 and ε2a,311 = 3.85 × 104 
M-1 cm-1; closed-ring isomer: ε1b,311 = 2.74 × 104 and ε2b,311 = 
2.77 × 104 M-1 cm-1).

2.2 Measurement of photoinduced morphological 
transformation

Experimental procedures for photoisomerization of the 
suspension, observation of photoinduced transformation under 
optical microscope, and TEM observation are the same as our 
previous literature.58

The measurement of temperature-dependent spectral change 
was similar to our previous literature.58 The UV-vis spectra of 
diarylethenes in aqueous suspensions were recorded with a 
JASCO V-670 spectrometer equipped with ETCS-761 Peltier 
temperature controller for cuvette. The representative 
temperature ranges were 0-50 °C at 1 °C intervals and 0-20 °C 
at 0.5 °C intervals for the suspensions having high and low 
photoisomerization yield, respectively. The cooling and heating 
rate was 1.0 °C min-1. The suspension was kept at the set 
temperature for 5 min with stirring at 600 rpm before 
measurement.

The transition temperature was determined by the change of 
absorption maximum wavelength. The shift of absorption 
maximum wavelength (max) was plotted in the cooling and 
heating process and fitted by Boltzmann sigmoidal function (eq. 
1),

     Hmax,
0

Hmax,Lmax,
max /exp1




 





aTT
T (1)

where max,L, max,H, T0, and a are absorption maximum 
wavelength at low and high end temperature, the point of 
inflexion of the sigmoidal curve, and fitting constant, 
respectively. In the previous literature,58 the transition 
temperature had been determined by onset of cooling period, 
which was calculated using a tangential line at T0. However, 
average temperature in the cooling and heating processes was 
employed in this study because the hysteresis curve of the 0.5:0.5 
mixture was larger than pure 1 and 2. Therefore, the phase 
boundaries of pure 1 and 2 were redetermined by the same 
method for comparison (Fig. 6a, dotted and dashed lines). When 
the shift was scarcely detected due to the precipitation, the 
integrated O.D. change between 250 and 800 nm was employed, 
which is shown in Fig. S14.

3. Results and discussion
3.1 Photo- and thermoresponsive behavior of supramolecular 
assembly consisting of 1 and 2

The mixed aggregates were prepared by addition of pure water 
into acetonitrile solution of ester- and amide-linked 
diarylethenes 1 and 2, whose content was controlled using 
volume ratio of each solution having the same concentration. The 
acetonitrile was not removed from the suspension. The 
composition ratio 1:2 in the suspension was naturally the same 
as the volume ratio, which was confirmed by HPLC.

In the previous work, we reported the photoinduced 
morphological change of the supramolecular architecture 
composed of pure diarylethene 1 or 2.58 The open- and the 
closed-ring isomers showed LCST transition at lower and higher 
temperature than room temperature, respectively. Therefore, the 
supramolecular architecture showed phase transition from the 
high-temperature dehydrated phase composed of the open-ring 
isomer to the low-temperature-hydrated phase composed of the 
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closed-ring isomer along with the photoisomerization from the 
open- to the closed-ring isomer. This phenomenon is regarded as 
photoinduced LCST transition. The open-ring isomer formed 
bicontinuous coacervate-type supramolecular architecture, 
corresponding to the dehydrated phase of LCST. In contrast, the 
morphology of the hydrated phase of LCST composed of the 
closed-ring isomer was fiber or sheet.

The mixed aggregate showed phase transition by light 
irradiation and temperature change as observed for pure 
diarylethenes 1 and 2. Figs. 2a and b show the change in 
absorption spectra of the aqueous suspension containing 1:2 = 
0.49:0.51 and the shift of its maximum wavelengths, 
respectively. In the initial state, the scattering due to the 
aggregates of the open-ring isomer raised the baseline up to 800 
nm. Upon irradiation with UV (365 nm) light, the absorbance 
around 640 nm increased initially. Subsequent irradiation with 
UV light gave rise to a new band around 570 nm and the band 
around 640 nm remained as a shoulder. This blue shift suggests 
the formation of H-aggregates, which is a very similar behavior 
to pure diarylethenes 1 and 2. The H-aggregate appeared by 
cooling from 60 to 0 °C and disappeared by subsequent heating 
of the colored suspension as shown in Figs. 2c and d, which is 
also the same as pure 1 and 2. When the sample with different 
molar ratio of 1:2 was used, very similar spectral change was 
observed (Figs. S9-S12).

We noticed that the size of hysteresis loop of heating and 
cooling processes is different between the mixture and the pure 
compounds when the hysteresis loop is examined under various 
rates of temperature control. The mixture having 54% of 
photoisomerization yield had large hysteresis loop (16 °C) at the 
rate of 1 °C min-1, while pure 1 and 2 showed small hysteresis 
(6-10 °C) as shown in Fig. S3. Therefore, the mixture is 
considered to undergo slow reorientation compared to pure 1 and 
2. In addition, the mixture showed slow formation of H-
aggregate under continuous irradiation with UV light compared 
to pure 1 and 2, which also supported the slow reorientation (Fig. 
S4). The required time for reorientation was determined by time 
course of spectral shift in the dark as ca. 100 min as shown Fig. 
S4d.
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Fig. 2 (a) The spectral change during continuous irradiation with UV (365 
nm) light for the suspension containing 1:2 = 0.49:0.51: initial, black line; 60 

s, blue line; 720 s, purple line. Pale gray dotted lines and dark gray dashed 
lines indicate spectral change from 0 to 60 and from 60 to 720 s, respectively. 
(b) The change in absorption maxima around 580 nm. (c) The spectral change 
of the suspension containing 1:2 = 0.47:0.53 at 54% photoisomerization yield 
upon cooling from 60 (red solid line) to 0 °C (blue solid line). (d) The change 
in absorption maxima around 580 nm upon cooling (blue filled circles) and 
heating (red open diamonds).

3.2 Photoinduced morphological transformation

The photoinduced morphological change was observed for the 
micrometer-sized assembly composed of 1:2 = 0.5:0.5 mixture 
under an optical microscope. Although the absorption spectral 
change was similar between the mixture and the pure 
compounds, the macroscopic morphological change was 
remarkably different. The repetitive irradiation with UV light led 
the repetitive formation of sparse structure from the same 
microsphere as shown in Movie S1 and Fig. 3. When irradiation 
of UV light was carried out from top of the microsphere under 
optical microscope for 10 s at 5 °C, the upper side of the sphere 
was mainly colored due to the preferential photoisomerization 
(Fig. 3a). Subsequently, semitransparent sparse structure was 
generated progressively from the colored microsphere by 
standing in the dark for 3.8 min (Fig. 3b). The remained blue 
sphere and separated transparent purple structure are considered 
to be random- and H-aggregated states, respectively. The sparse 
structure moved by Brownian motion after additional standing in 
the dark for 5 min (Fig. 3c) and finally separated from the 
original microsphere. Figs. 3d-f shows the second formation 
from the same microsphere. The schematic illustrations of 
separation of sparse structures are also shown in insets. Figs. 3g 
and h show the result of repetitive separation for five times and 
subsequent shrinking into microspheres. The separated sparse 
structures kept their structure for 3 h without deformation or 
dispersion under weak observation light.

Fig. 3 Separation of the supramolecular assembly composed of 1:2 = 
0.5:0.5 by repetitive irradiation with UV light from top of the precipitated 
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microsphere at 5 °C. (a) After irradiation with UV light for 10 s, (b) generation 
of sparse structure at the top of microsphere after standing in the dark for 3.8 
min, (c) moving of the sparse structure by Brownian motion after additional 
standing in the dark for 5.0 min, (d) separation of first sparse structure and 
second irradiation with UV light, (e) second moving, and (f) second 
separation. Schematic illustrations show mechanism of the division from side 
of the cell. (g) After repetitive operation for 5 times and (h) change to sphere 
upon irradiation with visible light. The red hue in (h) is due to the filters used 
to remove irradiated green light. 

The morphological change was observed in the different 
conditions of temperature and irradiation time. Fig. 4 shows the 
behavior of photoinduced LCST transition by changing the 
temperature and irradiation time under the optical microscope. 
In the region of high temperature and short irradiation time, the 
separation of sphere was not observed because of insufficient 
photoisomerization yield for the LCST. At the temperature 
higher than 14 °C, the separation of sphere was never observed. 
Meanwhile, in the region of low temperature and long irradiation 
time, the separation also did not occur because the LCST 
completely took place and no sphere remained. It is suggested 
that there is an optimal condition for the separation of sparse 
structure from the sphere. At 5 °C, the observation of separation 
was easily observed, so that the following experiment was 
performed at 5 °C.

ii

iii
iv
v

i

vi

(i) (ii) (iii) (iv) (v) (vi)

20 m

Fig. 4 The behavior of phase transition related to irradiation time and 
temperature under the optical microscope. Dehydrated blue sphere (blue 
filled circle) and hydrated red-purple sparse structure (purple dotted square) 
were observed in the blue and red region, respectively. The white region was 
the optimal condition for the separation of sparse structure from the sphere 
(blue circle overlaid on purple square). (i-vi) Optical images of the separation 
observed under various temperature. The time for exposure of UV (365 nm) 
light was the same (90 s). Sky blue and pink arrows indicate small remained 
sphere and separated sparse structure, respectively.

Weak UV light compared with Figs. 3 and 5 was employed.
The divided sparse structure returned to sphere by visible light 
and again showed separation upon irradiation with UV light as 
shown in Movie S2 and Fig. 5. Figs. 5a-c shows the separation 
of sparse structure at 5 °C as described above. In Fig. 5d, both 
the sparse structure and colored microsphere returned to 
colorless microspheres upon irradiation of visible light. Both 
spheres showed the morphological change again and divided into 
four as shown in Figs. 5e-g.

Fig. 5 Division of microspheres composed of 1:2 = 0.5:0.5 by repetitive 
irradiation with UV and visible lights from top of the precipitated microsphere 
at 5 °C. (a) At the initial state, (b) generation of sparse structure upon 
irradiation with UV light for 10 s and the standing for 9 min, (c) separation by 
keeping for 6 min, (d) shrinking upon irradiation with visible light for 20 s, (e) 
second irradiation with UV light, (f) the second separation, and (g) the second 
shrinking. The corresponding supramolecular assemblies are labelled by the 
colored arrows. The red hues in (d) and (g) are due to the filters used to 
remove irradiated green light.

Judging from the fact that the divided two spheres showed 
the generation of the sparse structure simultaneously, it is 
considered that the composition ratios of the original and 
separated spheres were almost the same. If the composition ratios 
were different between the two spheres, the behavior of the 
photoinduced generation of sparse structure should be different. 

Fig. S18 shows the result of the same experiment using pure 
1 or 2 or the mixture of 1:2 = 0.80:0.20. In all cases, generation 
of the sparse structure was not observed. This result suggests that 
the generation of the sparse structure was the unique 
phenomenon for the mixture composed of 1:2 = 0.5:0.5.Because 
the mixture showed unique behavior, the miscibility between 1 
and 2 was investigated by phase transition behavior. 
Homogeneity can be assessed by the fact that homogeneous and 
heterogeneous mixtures should have one- and two-step phase-
transition curves, respectively. An aqueous suspension, whose 
composition ratio was 1:2 = 0.47:0.53 and the 
photoisomerization yield to the closed-ring isomer was 54%, was 
prepared. The shift of absorption maximum wavelength, which 
was caused by H-aggregate structure of the closed-ring isomers, 
appeared as one-step transition upon temperature change (Fig. 
2d). Homogeneity was confirmed also by the experiment on the 
suspensions prepared by two distinct methods from 
diarylethenes 1 and 2 with different photoisomerization yields 
(66 and 13% for 1 and 2, respectively): method (i), the 
acetonitrile solutions of 1 and 2 were mixed and then injected 
into water; method (ii), the acetonitrile solutions of 1 and 2 were 
injected into water independently and then mixed. The sample 
prepared by method (i) showed one-step phase transition (Fig. 
S15a), while the sample prepared by method (ii) showed two-
step phase transition (Fig. S15d). Because no aggregate is 
formed in the acetonitrile solution, it is considered that the 
aggregate was formed immediately after the acetonitrile solution 
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was injected into water. This result confirms that the 
supramolecular aggregate is estimated as homogeneous mixture.

3.3 Phase diagram

Phase diagrams of the LCST transition were plotted based on the 
change in absorption spectra upon temperature change. Fig. 6a 
shows the diagram of 1:2 = 0.5:0.5 mixture against various 
photoisomerization yield. In the diagram, red and blue regions 
correspond to the hydrated and dehydrated phases, respectively. 
The boundary appeared as sigmoidal curve, i.e., the LCST 
transition temperature of the supramolecular assembly sharply 
changed against photoisomerization yield at around 50%. In 
contrast, the boundary line of pure 1 and 2 linearly changed along 
with photoisomerization as reported previously (Fig. 6a, gray 
dotted and dashed lines). It means that the open- and closed-ring 
isomers could be miscible with each other in pure 1 and 2. The 
phase diagram of the open-ring isomer against various 
composition ratio 1:2 shows the linear dependence of transition 
temperature on composition ratio, suggesting that the open-ring 
isomers 1a and 2a were also miscible (Fig. 6b). In the mixture of 
1:2 = 0.5:0.5, it is suggested that the LCST transition occurs 
abruptly during photoisomerization reaction. This sigmoidal 
phase diagram should be related to the unique photoinduced 
morphological change described in the previous section.

The two-dimensional phase diagram against both the 
composition ratio 1:2 and the photoisomerization yield from the 
open- to the closed-ring isomer was plotted as a heat map (Fig. 
S13) based on the transition temperature with various 
composition ratio and photoisomerization yield (Figs. S5-S12 
and Tables S1-S4). The diagram at 5 °C is shown in Fig. 6c. TEM 
investigations of nanostructures described below were carried 
out at 5 °C following yellow and green arrows in this figure.

Fig. 6 Phase diagrams of the LCST transition in aqueous suspension of (a) 
the mixture of 1:2 = 0.5:0.5 against photoisomerization yield, (b) the colorless 
open-ring isomer against composition ratio. (c) Two-dimensional phase 
diagram at 5 °C against both composition ratio and photoisomerization yield. 
In (a), filled diamonds with solid line, open circles with dotted line, and open 
squares with dashed line indicate the boundary obtained from the assembly 
composed of 1:2 = 0.5:0.5, 1:0, and 0:1, respectively. The change in 
absorption spectrum and absorption maximum for panel (a) are shown in 
Figs. S5 and S6, and Table S1. The data for panel (b) are shown in Figs. S7 and 
S8, and Table S2. The yellow and green arrows in panel (c) correspond to TEM 
images shown in Figs. 7a-e and 7f-j, respectively.

3.4 TEM observation

TEM observation was carried out in order to investigate 
supramolecular nanostructure corresponding to respective 
regions of the phase diagram (Fig. 7). Nanostructures of pure 1 
and 2 has been reported in the previous literature.58 At 5 °C, the 
open-ring isomers 1a and 2a formed coacervate and bilayer-
nanoflower (Figs. 7a and e) and the closed-ring isomers 1b and 
2b formed nanofiber and bilayer (Figs. 7f and j), respectively. 
Because the nanostructures are different between pure 1 and 2, 
and also different between the open- and the closed-ring isomer, 
nanostructure of mixed aggregate should depend on the 
composition ratio 1:2 and the photoisomerization yield from the 
open- to the closed-ring isomer. 

Figs. 7a-e show the change in nanostructure composed of the 
open-ring isomer depending on the composition ratio of 1a and 
2a (yellow arrow in Fig 6c). When the composition ratio was 
1a:2a = 0.75:0.25 and 0.5:0.5, coacervate structures were 
observed. On the other hand, foliated sheets with a few hundred 
nanometer-length, which was similar to pure 2, were formed 
from 1a:2a = 0.25:0.75 mixture. The discontinuous change in 
nanostructures corresponds to the phase boundary around 
0.25:0.75 at 5 °C.

The supramolecular architectures prepared from various 
composition ratio 1:2 with high photoisomerization yield at 5 °C 
were observed by TEM (Figs. 7f-j). In this condition, the 
aggregate is in the hydrated state (green arrow in Fig. 6c). The 
photoisomerization yield was controlled at ca. 60-80% by 
irradiation with UV (254 nm) light. When the fraction of one 
component was large, the structures were similar to the pure 
ones, i.e., the entangled nanofibers and multilayered vesicle were 
observed in the cases of 1:2 = 0.75:0.25 and 0.25:0.75, 
respectively (Figs. 7g and i). In the case of 1:2 = 0.5:0.5, network 
structure was observed as shown in Fig. 7h. Therefore, the 1:2 = 
0.5:0.5 mixture showed nanostructural change between 
coacervate and network upon irradiation with UV and visible 
lights (Figs. 7c and h). The variation in nanostructure under 
various condition are also shown in Figs. S23-S25. 

For the supramolecular assembly composed of 1:2 = 0.5:0.5, 
TEM observation was carried out after irradiation with UV light 
on TEM grid (Fig. 8). The generation of network structure from 
coacervate state was observed. Fig. 8 is the “snapshot” during 
the photoinduced phase transition. Because the photoirradiation 
was carried out on the TEM grid, monitoring of the intermediate 
state of photoinduced transformation was possible using TEM. 
The generation of the network structure and the separation from 
the original coacervate is considered to be the key of the 
generation of the sparse structure from the sphere. 
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Fig. 8 The generation of network structure from coacervate state upon 
irradiation with UV light for the supramolecular assembly composed of 1:2 = 
0.5:0.5 mixture observed by TEM. The regions of coacervate and network 
corresponded to before and after photoisomerization to the closed-ring 
isomer, respectively. The irradiation was carried out under the optical 
microscope on TEM grid for 10 s.

3.5 Origin of unique photoinduced separation found for the 
mixture

The unique behavior of the photoinduced separation found for 
the mixture of 1:2 = 0.5:0.5 is discussed based on the result of 
phase diagram and TEM observation. In the phase diagram of the 
mixture, sigmoidal curve was observed, suggesting that the 
change occurs abruptly during photoisomerization reaction. 
Meanwhile, the phase diagram of pure 1 and 2 showed linear 
dependence on the photoisomerization yield. Considering that 
the LCST phenomenon occurs by a separation of the hydration 
water from the oligo(ethylene glycol) chain, the LCST 
temperature should have been regulated by the environment of 
the oligo(ethylene glycol) chain. When the molecular packing is 
tight and the ratio of the closed-ring isomer gets high enough to 
surround the remaining open-ring isomer, LCST of the open-ring 
isomer should be influenced by the surrounding closed-ring 
isomer and should show the abrupt change upon 
photoisomerization. In the case of pure 1 and 2, for which no 
abrupt change was observed, the open- and the closed-ring 
isomers are considered to behave independently. 
TEM images revealed that the closed-ring isomer takes network 
structure when the component ratio is 1:2 = 0.5:0.5. In other 

component ratios between 1 and 2, formation of the network 
structure was not observed. When the network structure is 
formed during photoisomerization, the packing of the molecule 
gets tight, so that the generated surrounding closed-ring isomer 
can influence the LCST behavior of the remaining open-ring 
isomer. This network structure is considered to be the origin of 
the sigmoidal phase diagram observed for the mixture of 1:2 = 
0.5:0.5. 

Because the photoirradiation was performed from the top of 
the sample, there was a gradient of photoisomerization yield in 
the vertical direction. When the phase diagram is sigmoidal, the 
gradient gets more contrasted or bipolarized. Therefore, the 
upper part and lower part turned into the different phase of 
LCST, so that the separation can occur during 
photoisomerization. When low intensity of light was irradiated 
for long time, the separation did not occur probably due to the 
diffusion of the photogenerated closed-ring isomer (Fig. S20). 
The separation is understood as the local phase transition of the 
regions of high fraction of the closed-ring isomer, which 
originates from the sigmoidal phase diagram caused by the 
formation of the network structure in the mixture of 1:2 = 0.5:0.5.

4. Conclusions
In conclusion, we have observed photoinduced separation of the 
supramolecular assembly composed of two amphiphilic 
diarylethenes having an ester- (1) and amide- (2) linkage under 
optical microscope. The supramolecular assembly showed 
repetitive generation of sparse structures from the microsphere 
upon irradiation with UV light and standing in the dark. Both the 
sphere and sparse structure turned into colorless sphere upon 
irradiation with visible light and the divided colorless spheres 
showed the same response to the UV and visible lights. Judging 
from the phase diagram and TEM images, the separation is 
understood as the local phase transition of the regions of high 
fraction of the closed-ring isomer. This unique photoinduced 
transformation will widen the possibility of phototransformable 
smart soft material.

Fig. 7 TEM images of the supramolecular architectures for various composition ratio of 1 and 2. (a-e) Before irradiation with UV light at 5 °C corresponding 
to yellow arrow shown in Fig. 6c: (a) bicontinuous coacervate (1a:2a = 1:0), (b) coacervate with isolated nanospheres (0.75:0.25), (c) coacervate (0.5:0.5), (d) 
folded vesicles (0.25:0.75), where deformed sheets foliated with each other to form a tightly folded spherical aggregate (Fig. S24), (e) bunched vesicles (0:1). 
(f-j) After irradiation with UV (254 nm, photoisomerization yield ~ 70%) light at 5 °C corresponding to green arrow shown in Fig. 6c: (f) short nanofiber (1:2 = 
1:0), (g) tangled fiber (0.75:0.25), (h) tangled structure (0.5:0.5), (i) clustered vesicles (0.25:0.75), (j) bunched vesicles (0:1).
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Supramolecular assembly composed of two-component 
mixture of amphiphilic diarylethenes showed separation into a 
blue sphere and a red-purple sparse structure by local LCST 
transition in the region of high fraction of the closed-ring 
isomer.
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